Abstract: The present 
Introduction
The Coronary artery disease (CAD) has become a major public health problem in many developing countries. Epidemiological data reveal that CAD caused 7 million deaths in 2010 that increased from 5.2 million in 1990 globally [1] . It is expected that prevalence of CAD in India may increase upto 111% by 2020 as compared to 77% for China, 106% for other Asian countries and 15% for developed countries [2] . Presently plasma homocysteine has been identified as an important risk factor for CAD. Several reports showed that transformation of homocysteine from methionine is blocked by vitamin B 6 , vitamin B 12 and folic acid. Accumulation of homocysteine in blood resulting from the deficiency of these vitamins reduces oxidation of LDL-cholesterol (CAD risk factor) and also causes endothelial injury making it susceptible to the accumulation of lipids and deposition of them, thus confers the independent risk of CAD [3] . Besides, elevated level of serum cholesterol, triglycerides, diabetes, high blood pressure, family history, age, sex, diet, sedentary life style, stress, obesity, physical practices such as smoking, alcohol consumption are the traditional risk factors for CAD. CAD also involves both genetic and environmental factors as well as interaction between them [4, 5] . Moreover, it is suggested that elevated level of creatine phosphokinase (CPK) and cardiac-specific CPK (MB isoenzyme) indicate the myocardial infarction [6] .
On the other hand, it is reported that individuals may be affected from CAD at any age but CAD has become dramatically more common at progressively older ages. In addition to this men are reported to be more susceptible to CAD than the women [7, 5] . Moreover, it is also suggested that persons having family history of cardiac disease and obesity have a tendency to develop CAD [7] . In this context we had an interest to study the correlation of dietary deficiency of vitamin B 6 , vitamin B 12 and folic acid on development of CAD of hospitalized male patients of age 45-65 years from Kolkata, India having both genetic and non-genetic background for CAD.
II.
Materials And Methods
Data collection
The present study was conducted on the patients admitted to Birla Heart Research Hospital and Research Centre and Royd nursing home, Kolkata with the diagnosis of coronary artery disease (CAD). To carry out the present study, total 172 male patients of age group between 45-65 years having only CAD were selected from 250 randomly selected patients through the self reported questionnaire method to get information regarding age, family history, life style including physical activity levels and food habits for at least five years prior to diagnosis, life practices such as smoking, alcohol consumption etc. Patients whose first line relatives (i.e., mother, father, sister and brother) suffered from or died of CAD were considered as a subject group with genetic background of CAD (Group I). On the other hand, patients whose first line relatives did not suffer or die of CAD were considered as a subject group with non-genetic background of CAD (Group II). On the other hand, CAD patients suffering from cancer, respiratory diseases, kidney diseases or any other complications and also patients suffering from other cardiac diseases were excluded from the present study. Besides, before getting admitted to the hospital the CAD patients who were under medications such as folic acid, vitamin B 6 and vitamin B 12 those interfere with the metabolism of plasma homocysteine were also excluded from this study. Thus, following the above mentioned inclusion criteria eighty five patients were selected in Group I and eighty seven patients were selected in Group II. This study was conducted following the human ethical guidelines and all data were collected with the informed consent from the patients and hospital authority.
Subjects having sedentary life style were selected according to their daily energy expenditure [8] . Height, weight, systolic blood pressure (SBP) and diastolic blood pressure (DBP) and left ventricular ejection fraction (LVEF) values of all subjects were collected from their hospital records just after admission but before onset of medication and treatment of CAD. Body mass index (BMI) of each patient was further calculated using respective height and weight data by standard method [9] .
Laboratory Data
All blood estimations of the subjects were conducted by collecting fasting blood from the subjects after their hospital admission diagnosed with CAD but before onset of any treatment and medication.
5 mL fasting blood samples were drawn from all subjects under aseptic precautions. After collection of blood samples, plasma of each sample was separated. Total cholesterol (TC) was determined with the help of diagnostic kit (DiaSys, USA) following the method mentioned by Richmond [10] . High density lipoprotein cholesterol (HDL-c) was determined using kit (Randox laboratories, USA) according to procedure of LopesVirella et al. [11] . Triglyceride (TG) was estimated using diagnostic kit (DiaSys, USA) according to Koditschek and Umbreit [12] . The concentration of low density lipoprotein-cholesterol (LDL-c) was determined by equation developed by Friedewald et al. [13] . Then fasting blood glucose level of each subject was measured following the clinical guidelines of American Diabetes Association [14] . For determination of post prandial (PP) blood glucose level each subject was asked to drink 75 g anhydrous glucose in 200 ml of water and a second blood sample was collected after 2 h. Hemoglobin (Hb) was estimated using Hemoglobin Colorimetric Assay Kit (Cayman chemical, USA). Serum creatine phosphokinase (CPK) and cardiac-specific CPK (MB isoenzyme) were determined using Creatine Kinase (CK) Activity Colorimetric Assay Kit (BioVision, USA) and Creatine Kinase (CPK-MB) Enzyme Immuno Assay Test Kit (OxisResearch, USA) respectively. Plasma homocysteine (Hcy) was determined followed the method mentioned by Frick et al. [15] , using high-performance liquid chromatography (Waters, USA).
All data obtained were compared with the recommended normal value as per guidelines of Longo et al. [16] , American Diabetes Association (ADA) [17] , and American Heart Association (AHA) [18] .
Daily dietary consumption of fat, carbohydrate as well as the major nutrients of interest of the present study directly related to the development of CAD i.e., vitamin B 6 , vitamin B 12 and folic acid were assessed by self reported questionnaire method taking account of the dietary habit of the subject for a period of five years just before diagnosis of the disease and obtained data were compared with the recommended values of daily dietary intake proposed by Indian Council of Medical Research (ICMR) [19] .
Statistical Analysis
All the values in the present study are expressed as Mean ± SD (standard deviation). Pearson product moment correlation coefficient (r) and standard error of r (Sr) were determined. Data were analyzed by student t test using the software Microsoft Excel-2007. P values < 0.05 were considered as significant.
III. Results

Assessment of the status of the different risk factors
Present study showed that BMI, SBP, DBP, LDL-c, triglyceride, total cholesterol, fasting and post prandial blood glucose level, homocysteine, CPK and CPK-MB enzyme levels were higher while HDL-c, LVEF and hemoglobin levels were lower than recommended normal values in Group I and Group II (Table 1) . We also observed that carbohydrate, vitamin B 6 , vitamin B 12 and folic acid consumptions were lower while fat consumption was higher in Group I and Group II than normal value of recommendation ( Table 2) . Comparison of different risk factors between Group I and Group II are also made (Table 1 and 2).
Analysis of correlation between dietary consumption of the vitamins and risk factors
We found that there was a significant negative correlation between intake of vitamin B 6 and BMI (p < 0.0005 for Group I and p < 0.005 for Group II) (Table 3) while there was no significant correlation between vitamin B 6 and the other risk factors (Table 3) . On the other hand, it was observed that vitamin B 12 had significant (p < 0.01 and p < 0.0005 for Group I and Group II respectively) positive correlation with HDL-c level (Table 3 ). In Group I and Group II it was further observed that LDL-c and TC level were significantly negatively correlated with vitamin B 12 (p < 0.005 and p < 0.01 for Group I and p < 0.0005 and p < 0.01 for Group II respectively) (Table 3) . Moreover, in Group I and Group II hemoglobin level was found to be significantly positively correlated (p < 0.01 and p < 0.005 respectively) with vitamin B 12 while both group had significant negative correlation with homocysteine level (p < 0.0005 and p < 0.0005 respectively). Finally, it was found that in case of both Group I and Group II, BMI was significantly (p < 0.0005 and p < 0.0005 respectively) negatively correlated with folic acid (Table 3) . Moreover, SBP and DBP of both Group I and Group II showed a significant negative correlation with folic acid (p < 0.005 and p < 0.0005 for Group I and p < 0.0005 and p < 0.005 Group II respectively) ( Table 3) . Like vitamin B 12 folic acid was also significantly positively correlated with HDL-c level in the subjects of Group I and Group II (p < 0.0005 and p < 0.0005 respectively) ( Table 3 ). In Group I and Group II it was further observed that LDL-c and TC level were significantly negatively correlated with folic acid (p < 0.0005 and p < 0.005 for Group I and p < 0.01 and p < 0.01 for Group II respectively) ( Table 3) . Similarly, it was also found that blood sugar level (fasting) of both Group I and Group II had significant (p < 0.005 and p < 0.0005 respectively) negative correlation with folic acid (Table 3 ). Hemoglobin level of Group I and Group II was found to be positively correlated (p < 0.0005 and p < 0.01 respectively) with folic acid, whereas homocysteine levels of both groups were found to be significantly negatively correlated with folic acid (p < 0.0005 and p < 0.0005 respectively) ( Table 3 ).
IV. Discussion
Vitamin B 6 , vitamin B 12 and folic acid have been reported to play an important role in reducing risk factor for the development of CAD [20] . In addition to this vitamin B 6 , vitamin B 12 and folic acid were reported to reduce homocysteine level which confers independent risk for CAD through damaging the endothelial epithelium, smooth muscle proliferation and enhancing lipid peroxidation [3] . Robinson et al. [21] demonstrated that low level of folic acid and vitamin B 6 , vitamin B 12 are often seen in patients with atherosclerosis. Moreover, deficiencies of these vitamins were also reported earlier to be prevalent in Indian population leading to the development of CAD [20] .
In the present study patients with CAD of both genetic and non-genetic background, were found to consume low vitamin B 6 , vitamin B 12 and folic acid (Table 2 ) than the recommended normal values and also found to have high level of homocysteine (Table 1) . Thus, low consumption of these vitamins may be responsible for high level of homocysteine which may be the underlying reason for development of CAD in both groups in the present study (Table 1 and 2). Additionally it was also observed in the present study that consumption of vitamin B 6 , vitamin B 12 and folic acid (Table 2) in patients with genetic background was significantly (p < 0.0005, p < 0.0005 and p < 0.025 respectively) lower than the patients with non-genetic background and these differences in consumption of the three vitamins (Table 2 ) may be correlated with observed significant (p < 0.025) higher level of homocysteine in patients with genetic background (Table 1) . Several studies showed that adequate amount of folate and vitamin B 12 has an important role in erythropoiesis and deficiency of either vitamin causes megaloblastic anemia [22] . In addition to this, Chonchol and Nielson [23] reported that low hemoglobin is related to the increased risk for CAD and also with the new events for coronary attack. Our results also reveal that both groups of patients had low level of hemoglobin (Table 1) . So, it can be said that deficiency of vitamin B 12 and folic acid may be the cause of low level of hemoglobin in both groups and differences in consumption of these vitamins may be the reason for significant (p < 0.01) differences in hemoglobin level between the two groups (Table 1 and 2) .
Several studies well documented that family history, age, gender, smoking, lack of physical activity, hypertension, obesity, diabetes, hyperlipidemia are associated with CAD [4, 5] . James [2] reported that among South Indian population irrespective of gender, diabetes mellitus and dyslipidemia are the major risk factor for CAD. Deb and Dasgupta [24] reported that in Kolkata prevalence of hypertension and diabetes in 25-59 yrs are higher than in North India. Like the previous reports, we also found overweight, hypertension and hyperlipidemia to be prevalent as CAD risk factors in patients from both background (Table 1) in this study.
On the other hand, when we compared the mean values of different risk factors between the two groups, it was observed that patients from genetic background had significantly higher level of SBP (p < 0.0005), DBP (p < 0.005), LDL-c (p < 0.025), TG (p < 0.0005), TC (p < 0.005) and significantly (p < 0.025) lower level of HDL-c than the subjects from non-genetic background (Table 1) indicating patients from genetic background were more susceptible to CAD than the patients from non-genetic background.
Most interestingly in the present study we also found that subjects from genetic background were diabetic and had glucose intolerance while diabetes mellitus as well as glucose intolerance was not found in the subjects from non-genetic background. Regarding diabetes mellitus, results of our study (Table 1) suggest that patients from genetic background were at very high risk for CAD. According to recommendation of American Diabetes Association [17] and American Heart Association [18] , diabetic patient should maintain SBP < 130 mmHg, DBP < 90 mmHg, blood HDL-c > 40 mg/dl, LDL-c < 70 mg/dl, TC < 150 mg/dl, TG < 100 mg/dl. Besides, it was reported that reduced LVEF, increased level of CPK and CPK-MB enzyme are associated with acute myocardial infarction and development of CAD [25, 6] . In this study subjects from both backgrounds were also found to have low LVEF but high levels of CPK and CPK-MB enzyme (Table 1) than recommended normal values which indicates occurrence of myocardial infarction in the study subjects.
On the other hand, suggestion was there that lack of physical activity increases BMI and also has a positive association with obesity which increases the risk of elevation of blood sugar level, hypertension, and hypercholesterolemia [26, 27] . Additionally, it was also reported that in India lack of physical activity, cholesterol-rich diet are the major reasons for inducing CAD [27, 5] . In the present study, during subject selection we found all the patients from both background to have sedentary life style (data not shown) according to their daily energy expenditure [10] . Moreover, we also observed from the records of dietary intake of the patients from both groups that they used to intake high level of fat and low level of carbohydrate (Table 2) in their diet before diagnosis of CAD. Hence, sedentary life style as well as high fat consumption may be responsible for overweight as well as on set of CAD in the study subjects [26, 27] .
On the other hand, Mierzecki [28] has shown that folic acid supplementation can reduce TC, LDL-c, homocysteine level and BMI in both male and female with atherosclerosis risk factors. Papandreou et al. [29] has also reported that there was negative association between intake of folic acid and homocysteine level while homocysteine level has positive association with BMI and blood glucose level. Moreover, supplementation of vitamin B 6 and vitamin B 12 in combination of folic acid has been also reported to decrease the level of risk factors of CAD in Indian population [26] . On further analysis of the correlation between the vitamins (B 6 , B 12 and folic acid) ( Table 3 ) and different risk factors for CAD it was also observed that vitamin B 12 and folic acid had significant and strong correlation with the major risk factors for CAD while vitamin B 6 had no significant association with these different risk factors in the subjects from both background. Gilbert et al. [30] also reported that B 6 has no effective role in reducing cardiac risk factors. In addition to this, Robinson et al. [21] reported that low vitamin B 6 is often associated with high homocysteine level but risk for CAD is not mediated through the high homocysteine level in case of vitamin B 6 . Pearson product moment r values are given. Level of significance: Student's t-test, was done to determine whether there was any significant correlation between the mean values of dietary vitamins (B 6 , B 12 and folic acid) and CAD risk factors of Group I and Group II. p < 0.0005, significant; p < 0.005, significant; p < 0.01, significant; p < 0.025, significant; NS, not significant.
V. Tables
VI. Conclusion
Finally data obtained from the present study reveal that sedentary life style, consumption of high fat along with low consumption of vitamin B 6 , vitamin B 12 and folic acid as well as high plasma homocysteine level might be underlying reasons for CAD development in the present subject groups with genetic and non-genetic backgrounds for CAD from Kolkata, India. Significantly higher prevalence of diabetes mellitus in the patients with genetic background elevated the chance of the disease causation in them.
